Abstract: A field experiment was conducted at the experimental farm, AICRP on Integrated Farming Systems, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani during 2014-15 to assess the nitrogen, phosphorus and zinc requirement for maize crop. The experiment was laid out in a split plot design using eight treatments with three replications. The main plot consists of three levels of Nitrogen i.e., 100 kg ha 
INTRODUCTION
Maize plays a vital role in ensuring food security as well as nutritional security through quality protein. In Maharashtra, the area and production of maize is about 1.21 million hectares and 3.98 million tonnes productions with the productivity of 2544 kg ha -1 (Anonymous, 2014) . The main challenge before India is to increase the production of quality food in a sustainable manner and feeding the country's large population and ultimately in increasing the income of the farmer. The requirements of fertilizers in maize are important for the early growth and total production of yield. Maize requires heavy feeding for its potential production of yield. Indiscriminate use of inorganic fertilizers leads to nutrient imbalance in soil causing ill effect on soil health and micro flora (Choudhary et al., 2015) . Unfortunately, continuous application of higher amount of fertilizer may pose deleterious effects which leads to decline in productivity, deteriorates the physical, chemical and biological properties of soil. Land being marginal and farmers poorer, it is important to prevent the unnecessary over use of fertilizer to minimize the effect on the soil and most importantly, reduce the production cost. Nitrogen is universally deficient in majority of Indian soil and experiment which are conducted at various ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org places in different agro climatic zones of India indicated that nitrogen has beneficial effect on growth, yield attributing characters and yield of maize. The importance of phosphorus has been emphasized by many workers (Arya and Singh, 2001) . After Nitrogen and phosphorus, Zinc has been reported as the third most important limiting nutrient elements in crop production. Manan et al. (2013) concluded that significant increase in grain yield was found with application of increased level of Nitrogen and Phosphorus up to 60% higher than the control. Therefore, application of ample quantities of plant nutrients is a key aspect of increasing overall maize productivity. Further increase in maize production will require the transfer of better technology particularly in fertilizer application at farmer's level. Therefore, the knowledge of nitrogen, phosphorus and zinc, their dose, method and application rate must be properly evaluated for maize crop as information on the influence of these nutrients levels on yield components and yield of maize is lacking in Marathwada region. In view of the above, a study into the effect of fertility levels on growth, yield and soil fertility status of maize (Zea mays l.) was undertaken. . The physiological studies on growth parameters like leaf area index (LAI), absolute growth rate (AGR), relative growth rate (RGR) were computed from growth characters namely: height, dry matter and leaf area plant -1 to study the growth and development of plants as influenced by treatments. AGR of two growth characters viz. plant height and total dry matter accumulated was calculated using the formula given by Richards (1969) , RGR was calculated using the formula as per Fisher (1921) and LAI as given by Watson (1952) .The soil samples after harvest of the crop was analyzed for status of available N, P and Zn. The available N was analyzed by Kjeldhal method (Piper, 1966) , available P (Olsen et al. 1954) , available K by flame photometer (Hanway and Heidal, 1967) . AGR for plant height was also higher with increased N level. This effect may be attributed to the fact that N causes cell elongation, acts as a principal constituent of protein, enzymes, hormones, vitamins, chlorophyll and thus accelerates the meristematic activity of plant that led to progressive increase in internodes length. This result is in conformity with works of Sepat and Kumar (2007) in respect to growth attributes of maize crop. The maximum number of functional leaves, leaf area and leaf area index were recorded by 150 kg N ha -1 . The increase in leaf number, leaf area as well as leaf area index with increase dose of N could be related to the increases in photosynthetic activity due to balance N nutrition which resulted in more leaf growth. Meena et al. (2011) reported similar findings. They conducted field experiment at New Delhi to assess the growth, yield and nutrient uptake behavior of maize-wheat cropping system under different bio-sources and nitrogen levels. Six combinations of organic sources [control, farmyard manure (FYM) and vermicompost (VC)] with and without Azotobacter application in main-plots and four N fertilizer treatments (0, 40, 80 and 120 kg N/ha) in sub-plots were tested. Dry matter accumulation plant -1 , AGR and RGR were higher with increased N rate up to 150 kg N ha -1 in the present investigation with respect to maize crop. Similar findings were also reported by Akmal et al. (2010) in an experiment which was conducted at NWFP Agriculture University, Peshawar, to study performance of different maize varieties and Nitrogen rates (90, 120, 150 kg ha -1 ) for growth, yield and yield components. They revealed that heavier grains in number and weight were due to higher LAI and application of 150kg N ha -1 recorded taller plants maximum biological and seed yield which corroborate my results. The increased levels of P accomplished the requirement of P nutrition and caused rapid root development that resulted in improved plant growth which consequently showed significant translocation and storage of photosynthates from source to sink. A similar trend was reported by Masood et al. (2011) at the Agricultural Research Institute, Tarnab (Peshawar) for the maize crop. The value of plant height, AGR for plant height, as well as dry matter increased with a rise in P level up to 100 kg ha -1 at all growth stages. It might be due to the beneficial effect of higher level of P on growth and development. Same kind of trend is observed with higher values of LAI and leaf area with higher level of P. Rapid plant growth and development with the highest rate of P was also earlier reported by Amanullah and Muhammad Zakirullah (2010) . They conducted an experiment on maize crop with timing and rate of phosphorus (30, 60 and 90 kg P ha -1 ) application at Tamilnadu Agricultural University, Coimbatore Growth parameters of maize increased with a rise in zinc application but not in all growth stages. Plant height, number of functional leaves, leaf area and dry matter plant⁻¹ varied significantly to difference in zinc levels at 5% level of significance. Zinc enhances root development leading to improve N uptake and rapid vegetative growth. Hence the improve gains up to 35 kg ZnSO 4 ha -1 . Shafea and Saffari (2007) observed similar results; they conducted a field experiment to evaluate the effect of zinc and nitrogen at the experimental farm of Shiraz University, Kerman (Iran). Growth functions viz. AGR, RGR and LAI were not markedly influenced by different zinc levels, though 35 kg ZnSO 4 ha -1 produced maximum rate in most instances over 25 kg ZnSO 4 ha -1 . Increase in maize growth due to zinc application was reported by Mahdi et al., 2012 at Shalimar, Srinagar. Effect on yield: A significant difference at 5% level of significance in maize grain yield, husk yield, spindle yield and biological yield ha -1 were observed due to different N levels. Application of 125 kg N ha -1 being on par with 150 kg N ha -1 significantly improved grain and stover yield over 100 kg N ha -1 . The nitrogen application at 125 kg and 150 kg ha -1 recorded (6705.8, 6428.4 and 7161, 6811.2 kg ha -1 ) grain and stover yield respectively. Maximum husk, spindle and biological yield of (1378.2, 1642.6 and 13866.8 kg ha -1 ) were obtained by N application at 150 kg ha -1 and were significantly superior at 5% level of significance over 125 kg and 100 kg ha -1 . The increment in grain and biological yield with a rise in N level might be attributed to the optimum utilization of solar light, higher assimilates production due to higher growth character and it conversion to starches resulted in higher yield attributes, biomass and seed yield. Lower N fertilization decreased the grain and stover yield because it affects the number of endospermatic cell and starch granules in the early post flowering period and also causes the reduction of source assimilation during grain filling period. These results agree with those reported by Manan et al. (2013) from (10 to 40 kg ha -1 ) did not affect grain yield statistically (Olusegun and Chirwa, 2014) . However, stover yield and biological yield of maize were significantly superior at 5% level of significance with 35 kg ZnSO 4 ha -1
MATERIALS AND METHODS
. The highest value of harvest index i.e. 46.7% was noted with 35 kg ZnSO 4 ha -1 . The result of this research confirms the previous works of Sharma et al. (1992) . They have conducted a field experiment during Kharif season at Agriculture Research Station, Rajasthan Agriculture University, Banswara and reported that mean grain and stover yield of maize increased by 1.51 kg ha -1 and 30.39 kg ha -1 with increasing zinc levels from 0 to 25 kg ha -1 respectively. Zinc is reported to enhance the absorption of native as well as added major nutrients such as Nitrogen and Phosphorus, thereby increased yield attributes and production of maize (Bhattacharaya et al., 2008) . Phosphorus levels had significant effect at 5% level of significance on grain, stover and biological yield of maize. Phosphorus application at 100 and 75 kg ha -1 recorded at par higher grain yield of 6126 kg and 6003.2 kg ha -1 respectively and were significantly superior at 5% level of significance over 50 kg ha ). Further increase in phosphorus from 75 to 100 kg ha -1 though increased the grain yield but failed to record statistical significance. In case of stover and biological yield same kind of trend is observed. Harvest index of maize increased up to 100 kg P ha -1 (47.2%). The increase in maize yield at higher phosphorus level probably, may be ascribed to the increase in cob number, number of grains row and number of grains cob -1 as well as heaviest grain weight. A good and optimum supply of phosphorus is associated with increase root growth due to which the plants explore more soil nutrients and water. The increase in grain yield due to increase Phosphorus application was also reported by Nsanzabaganwa et al. (2014) . Nitrogen and Phosphorus play vital role in different metabolic activities and in improving nutritional status of plants. Application of 150 kg Nitrogen + 100 kg Phosphorus ha -1 might have supplied Nitrogen and Phosphorus to the plants to the level of sufficiency that was able to improve yield attributes and finally the yield. The present findings are in close agreement with that of Suthar et al. (2014) and Owla et al. (2015) with respect to maize crop. The increase grain yield of maize might be due to the increased availability of essential nutrients from the enhanced level of nutrients applied to the crop. Choudhary et al. (2012) observed that increasing phosphorus level enhance maize yield when they conducted the experiment consisting of 24 treatments having combination of 3 levels of phosphorus (20, 30 and 40 kg P2O5/ha), 2 levels of FYM (0 and 10 t/ha) and 4 combination of biofertilizer (control, PSB, VAM and PSB + VAM). Effect of soil fertility status: Soil fertility is a measure of the available nutrient status in soil. It helps to detect the efficiency of fertilizers applied and used by the crop. The soil fertility status after the harvest of maize indicated that there were significant differences in the availability of major nutrient (N, P) and Micronutrient (Zn) in soil. The data revealed that available N, P and Zn were highest in N 3 than that of N 2 and N 1 . The nutrient status of the experimental soil after harvest of maize crop indicated a higher available N, P and Zn with higher levels of N. Available N was highest and significant at 5% level of significance with application of 150 kg N ha -1 compared to other N levels. P content in soil was shown high up to 75 kg ha -1 . Paramasivan et al. (2011) carried an experiment to study the effect of inorganic fertilizers on yield and nutrient uptake of maize (Zea mays L.) in Peelamedu soil series at Tamil Nadu Agricultural University, Coimbatore also showed the similar kind of findings in relation with the post harvest status of soil in relation with the Nitrogen, Phosphorus, Potassium and Zinc. Available N, P and Zn status of soil increased with increasing dose and higher available N, P and Zn was found with Z 2 . But the N and P was found to be nonsignificant. Higher N availability at higher doses and responsiveness of crop increased meristematic activities in different plant parts which also required more P for fulfilling their energy and tissues requirement. It is inferred from the above that increase in available status of soil was due to increase in fertilizer dose with declining response at higher levels. These results are in conformity with the work done by Stalin et al. (2011) . They conducted Field experiments at Department of Soil Science and Agricultural Chemistry, Tamil Nadu Agricultural University (TNAU), Coimbatore, Tamil Nadu, India in the Zn deficient light textured red soils with Millets (maize, sorghum), Pulses (green gram, black gram) and Oilseeds (groundnut and sesame) crops as test crops to study their response to graded levels of Zn alone and in combination with FYM @12.5 t ha-1 along with foliar spray of 0.5 % ZnSO4 twice. Interaction effect: The interaction effect between nitrogen and zinc was significant on maize spindle yield at 5% level of significance. The highest maize spindle yield was registered with 150 kg N ha ). The least yield was registered with 100 kg N ha -1 (1024.6 kg ha -1 ) and among Zinc fertility levels with 25 kg ZnSO 4 (1159.9 kg ha -1 ). Srikanth et al. (2009) conducted a field experiment at Tamil Nadu Agricultural University, Coimbatore to study the effect of plant density and fertilizer levels on the yield and quality of hybrid maize under irrigated condition. They also found significant interaction effect among the fertility levels (Three fertilizer levels viz., 150:75:75, 200:100:100 and 250:125:125 NPK kg ha -1 ). Owla et al. (2015) conducted a field experiment which was laid out at Udaipur, Rajasthan, to evaluate effect of fertility levels, nutrient sources and weed control on productivity of quality protein maize (Zea mays L.). Twenty seven treatment combinations comprising 3 fertility levels (90 kg N + 40 kg P2O5, 120 kg N + 50 kg P2O5 and 150 kg N + 60 kg P2O5/ha), 3 nutrient sources (100% NP through fertilizers, 75% NP through fertilizers + 25% through vermicompost and 50% NP through fertilizers + 50% through vermicompost) and 3 weedcontrol measures (weedy check, metribuzin 0.4 kg/ha followed by (fb) hoeing and weeding and atrazine 0.4 kg + alachlor 2.0 kg/ha fb hoeing and weeding) were tested in split-plot block design They reported that interaction effect was significant among the fertility levels. This increase in yield was probably due to effective utilization of applied nutrients, increased sink capacity and nutrient uptake by the crop. Since Nitrogen is the major structural constitute of cells, as Nitrogen level increased the rate of vegetative and reproductive growth also increased in plants due to increase in assimilating surface of plants as well as total photosynthesis. In physiological terms, the grain yield of maize is largely governed by source (Photosynthesis) and sinks (grain) relationship which is directly related to Nitrogen. These resulted in more interactive significant effect among fertility levels of Nitrogen and Zinc. The findings of Srikanth et al. (2009) and Owla et al. (2015) corroborate results of the present study with respect to significant fertility levels interaction.
Conclusion
The study led to a conclusion that the maximum growth parameters like highest yield and soil fertility status could be achieved by judicious application of Nitrogen, Phosphorus and Zinc. Therefore, it was concluded that increasing dose of nitrogen, phosphorus and zinc from 25 % to 50 % may result in the better performance of maize crop.
